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Abstract
Background: This study examined the frequency of and differences in sedentary bouts of different durations and
the total time spent in sedentary bouts on a weekday, a weekend day, during school hours, during after-school
hours and in the evening period in a sample of 10- to 12-year-old Belgian children.
Methods: Accelerometer data were collected as part of the ENERGY-project in Belgium (n = 577, 10.9 ± 0.7 years,
53% girls) in 2011. Differences in total sedentary time, sedentary bouts of 2–5, 5–10, 10–20, 20–30 and ≥30 min and
total time accumulated in those bouts were examined on a weekday, a weekend day, during school hours, during
after-school hours and in the evening period, using multilevel analyses in MLwiN 2.22.
Results: More than 60% of the participants’ waking time was spent sedentary. Children typically engaged in short
sedentary bouts of 2–5 and 5–10 min, which contributed almost 50% towards their total daily sedentary time. Although
the differences were very small, children engaged in significantly fewer sedentary bouts of nearly all durations during
after-school hours compared to during school hours and in the evening period. Children also engaged in significantly
fewer sedentary bouts of 5–10, 10–20, and 20–30 min per hour on a weekend day than on a weekday.
Conclusions: Although primary school children spend more than 60% of their waking time sedentary, they generally
engaged in short sedentary bouts. Children’s sedentary bouts were slightly longer on weekdays, particularly during school
hours and in the evening period, although the differences were very small. These results suggest that in this age group,
interventions focusing on reducing total sedentary time rather than interrupting prolonged sedentary time are needed.
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Background
There is evidence that both the total amount of time
spent in sedentary activities (i.e. volume) as well as the
way sedentary time is accumulated (i.e. patterns) are as-
sociated with several health outcomes in adults, includ-
ing type 2 diabetes, cardiovascular diseases, metabolic
risk factors, and all-cause mortality [1–8]. In children
and adolescents, the evidence is less consistent [9, 10]. A
recent review of reviews reported that there was evi-
dence of an association between screen time and obesity,
blood pressure, total cholesterol, self-esteem, social behav-
ior problems, physical fitness, and academic achievement
[1]. However, it is not clear whether this association is due
to sedentariness or other characteristics of screen
time activities such as increased snacking during the
activities [11].
Regarding the association between sedentary time ac-
cumulation and health outcomes in children, research is
in its infancy and the evidence is currently limited
[12–16]. Some observational studies have reported
significant associations between prolonged sitting and
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adverse health outcomes in 10- to 14-year-old children
[17]. Similar findings have been reported in specific sub-
groups such as boys [18], children with low physical
activity levels [19] or children with a family history of
obesity [20]. More recently, a study of 7- to 10-year-old
children found a significant positive association between
sedentary bouts of 5–10 min and cardiometabolic bio-
markers [21]. However, experimental studies that have ex-
amined acute effects of sedentary time have reported
mixed findings. Belcher and colleagues demonstrated that
interrupting sedentary time every 20 minutes with 3-min
moderate intensity walking improved metabolic function
in 7- to 11-year-old children [22]. In contrast, Saunders
and colleagues found that interrupting prolonged sitting
every 20 min with 2 min of light intensity walking was not
related to changes in cardio-metabolic markers in 10- to
14-year-old children [23]. Given the high prevalence of
sedentary time in children [24] and the ever increasing
choices of new digital media, it may be necessary to inter-
vene early in life. Moreover, setting up healthy behaviours
early in life might lead to established habits in adulthood.
The development of interventions should be guided by
objective, reliable, and valid information about children’s
sedentary patterns (i.e. how is sedentary time accumu-
lated) [25]. In recent years, guidelines such as the
Australian sedentary behaviour guidelines for children and
adolescents have included recommendations that specific-
ally focus on breaking up long periods of sitting as often
as possible [26]. However, it is currently not known what
constitutes a long period of sitting time in children. It is
clear that we need to increase our understanding of chil-
dren’s sedentary patterns.
In the current study, we define sedentary patterns as
how (i.e. how much time children spend in bouts of
different duration and the frequency of these bouts) and
when children accumulate their sedentary time (i.e. spe-
cific time periods). Currently, little research has been con-
ducted to examine how and when children accumulate
their sedentary time. Two studies have described patterns
of objectively measured sedentary time in adolescent fe-
males. Harrington and colleagues [25] investigated the
number of sedentary bouts of different durations that
ranged from less than 1 min to more than 40 min on
week- and weekend days, as well as during school hours
and during after-school hours, in 111 15- to 18-year-old
girls using activPAL inclinometers. Each epoch that had
15 s of uninterrupted sitting or lying was classified as the
beginning of a sedentary bout, which continued until the
next 15-s epoch of standing or stepping was identified.
Their study indicated that the girls engaged in a greater
number of sedentary bouts of more than 20 min on week-
days than on weekend days and during school hours than
during after-school hours. Carson and colleagues [27] also
longitudinally examined sedentary bouts lasting at least
10, 20 and 30 min on week- and weekend days and during
school hours, during after-school hours and in the evening
period among 655 adolescent girls using accelerometers.
They defined a bout as a continuous period of sedentary
time that stopped when the counts for a 30-s epoch
exceeded the sedentary time cut-point of 100 counts per
minute (cpm). All sedentary bout durations were more
prevalent on weekdays than on weekend days, and in the
evening period compared to the school and the after-
school period. There was also an increase of at least 30%
for all bout lengths between baseline (mean age 13.5 years)
and follow-up (mean age 14.9 years).
In addition to these studies conducted in adolescents,
two studies have objectively assessed sedentary bouts in
children. Abbott and colleagues [28] found that 10- to 12-
year-old children spent more time in prolonged sedentary
time and had fewer breaks during school hours when
compared to non-school hours, although only sedentary
bouts of at least 30 min were examined. The authors de-
fined a sedentary bout as an uninterrupted, 30 min or
more sequence of sedentary time, using the 100 cpm cut-
point. A break was defined as an interruption in sedentary
time of any duration with an accelerometer count larger
than 100 cpm. In contrast, Altenburg and colleagues [29]
found that 10- to 13-year-old children spent most of their
sedentary time in bouts that lasted more than 5 min in
duration, whereas bouts of more than 20 min were rare.
Using a 15-s epoch, sedentary bouts were defined as pe-
riods of consecutive minutes below the sedentary time
cut-point of 100 cpm. However, the way in which children
accumulated their sedentary time during specific periods
of the day was not investigated in that study. Such infor-
mation will be important for identifying intervention strat-
egies to break up prolonged sitting throughout the day as
well as during specific time periods of the day.
Therefore, the purpose of this study was to examine the
frequency of and differences in sedentary bouts of differ-
ent durations (bouts of 2–5, 5–10, 10–20, 20–30, and
≥30 min) and the total time spent in sedentary bouts on a
weekday, weekend day, during school hours, during after-
school hours, and in the evening period in a sample
of 10- to 12-year-old Belgian children. Based on previous
findings [25, 27–29], it was hypothesised that children
would engage in longer sedentary bouts on a weekday
compared to a weekend day, and during school hours
(prolonged sedentary time during lessons) and in the even-
ing period (which provides opportunities for discretionary
screen time) compared to during after-school hours.
Methods
Procedure
For the purpose of this study, accelerometer data col-
lected from Belgian children participating in the inter-
vention study as part of the ENERGY project were
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analysed [30, 31]. A convenience sample of twelve
primary schools were selected from Flanders, Belgium,
of which ten agreed to participate. The schools were
located in East- and West-Flanders. All schools were
public schools, with the total number of pupils enrolled
ranging from 100 to 544. Schools were asked to report
the percentage of children coming from (or living in)
families with few economic resources (i.e. low income
families, families who receive transfer incomes). This
percentage is collected yearly by the Flemish government
to define the pupil characteristics per school. Based on
this information, schools are provided with additional fi-
nancial support in order to provide equal opportunities
in education. Two schools reported that less than 5% of
children came from families with few economic re-
sources, two schools reported a percentage between 5
and 9%, five schools between 10 and 19%, and one
school between 20 and 29%. All children in Grades 5
and 6 were invited to participate in the study (n = 772,
with the majority of pupils having been born in 1999
and 2000). School visits occurred on weekdays in
September–October 2011. Consenting parents and their
children were asked to complete a questionnaire that
assessed demographic factors (including child’s sex and
age), specific sedentary behaviours such as television
watching and computer use and determinants of seden-
tary behaviours. These questionnaire data were not used
for the present paper. All children were also asked to
wear an accelerometer for 1 week to collect objective
sedentary time and patterns data. The study is regis-
tered in the International Standard Randomized Con-
trolled Trial Number Register (registration number:
ISRCTN34562078). The Belgian study protocol was
approved by the ethical committee of the Ghent
University Hospital (B67020097212).
Measurement of sedentary pattern variables
Instrumentation
Accelerometers were used to measure sedentary bouts
of different durations, and the total time accumulated in
those sedentary bouts. Since all data were collected in a
short time frame (6 weeks), four models of ActiGraph
accelerometers (Pensacola, FL) were used, namely the
uniaxial GT1M (3.8 cm × 3.7 cm × 1.8 cm; 27 g), and
triaxial GT3X (3.8 cm × 3.7 cm × 1.8 cm, 27 g), GT3X+
(4.6 cm × 3.3 cm × 1.5 cm, 19 g), and ActiTrainer
(dimensions: 8.6 cm × 3.3 cm × 1.5 cm, 51 g). The accel-
erometers were randomly allocated to participating chil-
dren who were asked to wear it on their right hip, which
was secured by an elastic belt. However, since there were
significant differences in several of the outcome variables
between the ActiTrainer and the other models, it was
decided to remove data from children who wore an
ActiTrainer from the analyses. Only the vertical axis
output of the other accelerometer models was used for
the present study, since there was one uniaxial model
(i.e. the GT1M). Several studies have compared the ver-
tical axis output of two or more of the models used in
the present study. Robusto and Trost [32] found that
there was strong agreement between data collected using
the GT1M, GT3X, and GT3X+ in children and adoles-
cents, whilst another study confirmed that the GT1M
and GT3X+ outputs were comparable for 9-year-old
children [33]. Finally, the vertical axis output has been
shown to be comparable between the newer models
(GT1M, GT3X, GT3X+) [34]. As such, it is acceptable
for researchers and practitioners to use the vertical axis
output from a combination of newer models within a
given study [32–34]. The ActiGraph accelerometers have
acceptable reliability and validity for use in a child
population [35].
Measurement protocol
Children were asked to wear the accelerometer for seven
consecutive days, including two weekend days. They
were instructed to wear the accelerometer during all
waking hours, except during water-based activities.
Accelerometer data were initially downloaded using
ActiLife v.5.7.4 software (ActiGraph, Pensacola, FL) and
were then processed using a customized Excel macro. A
15-s epoch measurement interval was selected [36, 37].
Non-wear time was calculated as periods of more than
60 min of consecutive zero counts [15]. To compare be-
tween time periods within a weekday, children who pro-
vided at least 2 weekdays of a minimum of 10 h wear
time were included. To compare between week- and
weekend days, children who provided at least 2 week-
days with a minimum of 10 h wear time per day and 1
weekend day with a minimum of 8 h wear time were in-
cluded [38]. The cut-point for sedentary time was set at
100 cpm, which has been found to provide a good esti-
mate of sedentary time in children [39, 40]. As the focus
of the present paper was on sedentary time and patterns,
the amount of time children spent in light, moderate
and vigorous physical activity is not described in the
paper. We also calculated the total sedentary time per
specific time period, which was expressed as a percent-
age of the total wear time.
For the purpose of this study, the following sedentary
bout durations were calculated: (a) 2–5 min (which can
be considered very short bouts), (b) 5–10 min, (c) 10–
20 min, (d) 20–30 min, and (e) ≥30 min. For each bout
length, a sedentary bout was defined as a continuous
period of sedentary time for the equivalent amount of
minutes (with zero tolerance time allowed). The seden-
tary bout stopped when the counts for a 15-s epoch
exceeded the sedentary time cut-point (i.e. 25 counts per
15 s) [10, 29]. No tolerance was allowed in the sedentary
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bouts, as previous studies shown that interruptions can
attenuate the inverse health effects of prolonged seden-
tary time in adults [41, 42]. In addition, Altenburg and
colleagues [29] investigated the association between vari-
ous definitions of sedentary bouts (i.e. allowing 0, 30 or
60 s exceeding 100 cpm) and health indicators in
children, finding that a greater number of associations
became significant when no tolerance was allowed
within sedentary bouts.
In this paper, we report the absolute number of seden-
tary bouts per specific time period, as well as the num-
ber of bouts per hour in order to facilitate comparisons
between time periods whilst taking wear time into ac-
count. Additionally, the total amount of time accumu-
lated in sedentary bouts was calculated for each bout
length. We report the absolute time accumulated in sed-
entary bouts (expressed in minutes) and the proportion
of the total sedentary time of the specific time period
(expressed as a percentage) in order to take wear time
into account. All outcomes were calculated separately
for week- and weekend days. For weekdays, three spe-
cific time periods were examined: (a) during school
hours (8:30 a.m. - 4:00 p.m.), (b) after-school hours
(4:00–6:00 p.m.), and (c) in the evening period (6:00–
10:00 p.m.) [43]. The included schools started between
8:20 and 8:35 a.m. and ended between 3:35 and
4:15 p.m. However, as the end time sometimes differed
between school days within one school, one start time
(8:30 a.m.) and one end time (4:00 p.m.) was used to de-
termine the school hours’ time period. The use of
6:00 p.m. as the cut-off for the after-school hours period
versus the evening period has been used for standar-
dising studies that examine behaviour during specific
time periods of the weekday [44]. The dataset is in-
cluded as Additional file 1.
Statistical analyses
MLwiN 2.22 (Centre for Multilevel Modelling, University
of Bristol, UK) was used to describe sample characteris-
tics, to calculate mean values of the different outcome var-
iables, and to perform the statistical analyses. For all bout
durations, we investigated whether there were any signifi-
cant differences in the number of sedentary bouts per
hour and the total time accumulated in those bouts
(expressed as a percentage) per specific time period (dur-
ing school hours versus during the after-school hours and
the evening period; weekday versus weekend day). There-
fore, a multilevel repeated measures analysis was per-
formed. Multilevel modelling (two-level: pupil, school)
was used to account for the clustering of children in
schools. The outcome variables were initially checked for
normality and the skewed variables (bouts/h and time
accumulated in bouts of 20–30 and ≥30 min) were log-
transformed for analyses. For ease of interpretation, the
non-transformed mean values are reported in the tables.
The children’s age and sex were included as covariates.
Statistical significance was set at p < 0.05.
Results
Sample characteristics
In total, 740 of the 772 children attending the ten
schools provided informed consent from their parents to
participate in the study (96%). Of those children, 643
children provided valid accelerometer data on two week-
days (90%) and 565 children provided valid accelerom-
eter data on two weekdays and one weekend day (76%).
After removing the children who wore an ActiTrainer
accelerometer from the analyses, 577 children had valid
data on two weekdays and 502 children on two week-
days and one weekend day. There were no differences
regarding the children’s age or sex between these two
groups. Attrition analyses that compared children with
valid data on weekdays and/or weekend days with chil-
dren who did not have any valid data showed no signifi-
cant difference for age, but boys were more likely to
have invalid data compared to girls. The mean age of the
sample with valid accelerometer data was 10.9 (SD 0.7)
years old (53% girls). With regard to the different
ActiGraph accelerometer models, 46.5% of the sample
wore a GT1M, 26.6% wore a GT3X, and 26.9% wore
a GT3X+. The mean wear time was 829.3 (SD 73.5)
minutes on weekdays, and 746.0 (SD 123.3) minutes
on weekend days.
Sedentary bouts
Table 1 shows the mean values of the total number of
sedentary bouts and the bouts per hour for each bout
length per specific time period. Children predominantly
engaged in sedentary bouts lasting 2–5 min, with an
average of 45 bouts on a weekday (3.33 per hour) and 40
bouts on a weekend day (3.28 per hour). The average
number of sedentary bouts per hour of ≥10 min was less
than 1 on weekdays, weekend days, and during all spe-
cific time periods. Although the differences were very
small, children engaged in significantly fewer sedentary
bouts of 5–10, 10–20, 20–30 and ≥30 min per hour dur-
ing after-school hours compared to during school hours
and in the evening period, and fewer sedentary bouts of
5–10 and ≥30 min per hour during school hours than in
the evening period. Children engaged in significantly
fewer sedentary bouts of 5–10, 10–20, and 20–30 min
on a weekend day (1.05, 0.37, 0.08 bouts per hour, re-
spectively) than on a weekday (1.13, 0.43, 0.09 bouts per
hour, respectively).
Time accumulated in sedentary bouts
Table 2 shows the mean total time accumulated in sed-
entary bouts for each bout length and the accumulated
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Table 1 Sedentary bouts of different lengths for specific time periods
During school hours weekday
(8:30 a.m. - 4:00 p.m.)
After-school hours weekday
(4:00-6:00 p.m.)
Evening period weekday
(6:00-10:00 p.m.)
Weekday Weekend day
SED bouts 2-5 min
Total bouts 25.06 6.97 10.38 45.46 40.22
Bouts/h 3.40 3.35 3.41 3.33 3.28
SED bouts 5-10 min
Total bouts 8.57 2.11 3.74 15.68 12.99
Bouts/h 1.16b,c 1.06a,c 1.26a,b 1.13d 1.05
SED bouts 10-20 min
Total bouts 3.30 0.55 1.29 6.01 4.69
Bouts/h 0.45b 0.32a,c 0.47b 0.43d 0.37
SED bouts 20-30 min
Total bouts 0.67 0.07 0.23 1.25 0.95
Bouts/h 0.09b 0.05a,c 0.09b 0.09d 0.08
SED bouts ≥30 min
Total bouts 0.29 0.02 0.14 0.82 0.67
Bouts/h 0.04b,c 0.03a,c 0.06a,b 0.06 0.05
SED sedentary
asignificantly different from during school hours period
bsignificantly different from after school hours period
csignificantly different from the evening time period
dsignificantly different from a weekend day
Table 2 Total time accumulated in sedentary bouts of different length for specific time periods
During school hours weekday
(8:30 a.m. - 4:00 p.m.)
After-school hours weekday
(4:00-6:00 p.m.)
Evening period weekday
(6:00-10:00 p.m.)
Weekday Weekend day
SED bouts 2-5 min
Total time accumulated (min) 76.1 20.8 31.4 137.9 121.3
Proportion of SED time (%) 26.9b,c 28.3a,c 26.2a,b 26.3 26.7
SED bouts 5-10 min
Total time accumulated (min) 58.4 14.2 25.5 107.0 88.7
Proportion of SED time (%) 20.3c 19.6c 21.3a,b 19.9d 18.8
SED bouts 10-20 min
Total time accumulated (min) 44.5 7.3 17.2 81.0 63.2
Proportion of SED time (%) 15.3b 11.3a,c 15.2b 14.6d 12.8
SED bouts 20-30 min
Total time accumulated (min) 16.1 1.6 5.5 29.9 22.7
Proportion of SED time (%) 5.6b 2.9a,c 5.2b 5.4d 4.5
SED bouts ≥30 min
Total time accumulated (min) 11.2 0.7 5.7 33.8 28.9
Proportion of SED time (%) 3.8c 2.9c 6.1a,b 5.7 5.3
SED time
Total SED time (min) 284.1 71.5 117.3 532.8 463.9
Proportion of wear time (%) 64.0b,c 59.8a,c 65.9a,b 64.1d 61.9
SED sedentary
asignificantly different from during school hours period
bsignificantly different from after school hours period
csignificantly different from the evening time period
dsignificantly different from a weekend day
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time as a proportion of the total sedentary time. Despite
the differences being very small, children accumulated
significantly less time in sedentary bouts lasting 10–
20 min (11.3%) as a proportion of their total daily seden-
tary time during after-school-hours than during school
hours (15.3%) and in the evening period (15.2%). Similar
findings were also found for bouts of 20–30 min (2.9%)
as a proportion of their total daily sedentary time during
after-school hours when compared to during school
hours (5.6%) and in the evening period (5.2%). Children
also accumulated significantly less time in sedentary
bouts of 5–10 and ≥30 min as a proportion of the total
sedentary time during school hours (20.3%, 3.8%) and
during after-school hours (19.6%, 2.9%) than in the even-
ing period (21.3%, 6.1%). Finally, children accumulated
significantly less time in sedentary bouts of 5–10 min
(18.8 versus 19.9%), 10–20 min (12.8 versus 14.6%), and
20–30 min (4.5 versus 5.4%) as a proportion of their
total sedentary time on a weekend day than on a weekday.
Figures 1 and 2 visually show the contribution of each
bout duration to the total sedentary time (expressed as a
percentage). The sum of the different percentages does
not add up to 100%, which means that the remaining pro-
portion of the total sedentary time was spent in sedentary
bouts lasting less than 2 min in length.
Total sedentary time
Table 2 shows the mean total sedentary time per time
period, expressed in minutes, and as a proportion of the
accelerometer wear time. Children spent significantly
less time being sedentary during after-school hours
(59.8%) than during school hours (64.0%) and in the
evening period (65.9%). They were also significantly less
sedentary during school hours than in the evening
period. Finally, children engaged in significantly less sed-
entary time on a weekend day (61.9%) than on a week-
day (64.1%).
Discussion
This study found that 10- to 12-year-old children typic-
ally accumulate their sedentary time in very short bouts.
Sedentary bouts lasting more than 20 min were not
common in this age group. These results support the
findings of Altenburg et al. [29] who found that 10- to
13-year-old children engage, on average, in only three
bouts of more than 20 min per day. This indicates that
primary school children generally do not engage in pro-
longed sedentary time. In addition, sedentary bouts of
2–5 and 5–10 min contributed almost 50% towards chil-
dren’s total daily sedentary time. Approximately 15 and
10% of the children’s total sedentary time was spent in
bouts of 10–20 min and more than 20 min, respectively.
Interestingly, these results imply that more than 25% of
children’s sedentary time is accumulated in bouts that
do not exceed 2 min, as the sum of the above mentioned
percentages does not add up to 100%. Consequently,
whilst children’s total sedentary time during the day and
in specific time periods was high (up to 65% of a period),
they rarely sit down for a prolonged period of time. This
is in contrast to research conducted in adults that has
found that they spend about 37% of their total sedentary
time in sedentary bouts that last at least 20 min on non-
work days and almost 50% on work days [45].
Some differences between week- and weekend days
were observed. Children engaged in slightly more seden-
tary bouts lasting 5–10, 10–20, and 20–30 min on week-
days. This is in line with previous studies conducted
with adolescent females where bouts of several durations
Fig. 1 Contribution of sedentary bouts of different lengths to total sedentary time during school hours, after-school hours and in the evening
period (expressed in percentage)
Verloigne et al. BMC Pediatrics  (2017) 17:147 Page 6 of 10
were more prevalent on weekdays than on weekend days
[25, 27]. On weekdays, children engaged in somewhat
longer bouts at school and during the evening period,
whilst more time was accumulated in bouts of 5–10 min
and more than 30 min in the evening period compared
to the school period. This is line with the findings of
previous studies conducted in adolescent females.
Harrington and colleagues [25] also found that a greater
number of sedentary bouts occurred during school
hours than during after-school hours, whilst Carson and
colleagues [27] confirmed that a greater number of sed-
entary bouts of all durations occurred in the evening
period compared to during school hours and during
after-school hours. Abbott and colleagues [28] also
found that children engaged in more sedentary bouts
during school hours compared to non-school hours,
although only bouts of more than 30 min were investi-
gated. Despite the fact that our study shows that longer
bouts occur at school and in the evening period, it must
be acknowledged that children did not engage in pro-
longed sitting in those specific periods and that the
differences between time periods were very small. Never-
theless, the total amount of time spent sedentary was
64% during weekdays and 62% during weekend days. For
weekdays, children spent 64% and more than 65%, re-
spectively, of their time at school and in the evening
period being sedentary. This was significantly higher
than during the after-school hours period where ‘only’
59.8% of their time was spent sedentary. This percentage
is comparable to previous studies that have examined
children’s levels of sedentary time per day or during
specific time periods [46–49].
Overall, our results suggest that the total volume of
sedentary time that children engage in seems to be more
of a problem in this age group compared to how this
sedentary time is accumulated, especially on weekdays,
during school hours and in the evening period. The high
prevalence of total sedentary time in combination with a
high frequency of interruptions might explain the incon-
sistent findings with regard to the health consequences
of sedentary behaviour in youth. Moreover, it might also
explain why interventions focusing on interrupting chil-
dren’s sedentary time have had limited effects to date
[43]. As such, it could be recommended that interven-
tions focus on decreasing the total time amount of time
that children spend sedentary, although more research is
needed to determine how much sedentary time is harm-
ful to children’s health both in the short- and long-term
[10]. A possible strategy to reduce total sedentary time is
through the use of standing desks in primary schools
[50]. Another strategy could be to let children perform
specific tasks while standing, which is of course less
drastic and less expensive for a school to implement.
However, we acknowledge that to date, the evidence that
standing reduces the potential adverse health effects of ex-
cessive sedentary time is inconsistent and has been pre-
dominantly investigated in adults [51–53]. For the evening
hours, a possible intervention strategy to reduce sedentary
time could be to use a monitoring device attached to the
television or computer as a cue to limit these sedentary
behaviours [54], although we have to keep in mind that
children use multiple devices for entertainment (e.g. smart
phones, tablets). However, we should be cautious about
proposing such intervention strategies, since a systematic
review that investigated the effectiveness of intervention
strategies focusing exclusively on reducing sedentary time
in children found no convincing evidence for any of these
approaches. The authors recommended that mediation
analyses are needed in the future in order to identify the
most effective strategies [55].
Fig. 2 Contribution of sedentary bouts of different lengths to total sedentary time on a week- and weekend day (expressed in percentage)
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An important strength of the current study was the
objective measurement of sedentary time patterns in a
relatively large sample. Although accelerometers are un-
able to capture posture, using the cut-point of 100 cpm
has been shown to accurately measure actual sitting
time, as opposed to higher cut-points that are more
likely to capture both sitting and standing time [40].
Another strength was the calculation of different bout
durations, ranging from 2 to 5 min to ≥30 min, in order
to provide detailed information on how sedentary time
is accumulated in this age group. However, it must be
acknowledged that analysing delimited bouts in separate
analyses would not be relevant when analysing the rela-
tionship with health outcomes, since only a part of
sedentary time is calculated [14]. There are also some
limitations that need to be acknowledged. First, there is
currently no consensus on how to define sedentary sed-
entary bouts, and breaks in sedentary time [14, 15]. For
example, some studies (including this study) examine ac-
tivity accumulation in terms of set bout ranges (i.e. the
delimited approach) [19, 20], some examine sedentary
bouts of at least a certain duration [17, 29], and others
investigate ‘usual’ bout duration [56, 57]. These differ-
ences make it hard to compare studies. Another poten-
tial limitation is that we averaged the week- and
weekend days for children. A study conducted with 9- to
11-year-old children showed that the total sedentary
time accumulated differed according to a specific day
[58]. It is also possible that there is day-to-day variability
with regard to sedentary patterns, so future research
should verify this. Another limitation is the use of differ-
ent ActiGraph accelerometer models due to the limited
time period to measure the children, despite the fact that
it is acceptable to use different models together in one
study [32]. A final limitation is the convenience sam-
pling strategy, which might affect the generalisability of
the results, since most schools had a low percentage of
pupils coming from families with low economic re-
sources. The statistics for Flanders show that the average
percentage of children is between 18.6–21.4% [59].
Conclusion
In order to inform future interventions, it is important
to understand how and when specific population groups
accumulate their sedentary time. Belgian 10- to 12-year-
old children engage in high levels of sedentary time
(more than 60% of their waking time), particularly dur-
ing school hours and in the evening period on weekdays.
However, these children do not engage in many seden-
tary bouts of longer durations, and only small, albeit
significant, differences in bout durations were found
across different periods of children’s waking hours.
Thus, interventions focusing on reducing the total
volume of sedentary time seem more appropriate than
focusing on reducing sedentary bout durations in this
age group.
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Abbreviations
Cpm: Counts per minute; SD: Standard deviation
Acknowledgements
The authors acknowledge Eoin O’Connell for the development of the
customised Excel macro.
Funding
Maïté Verloigne is supported by the Research Foundation Flanders (FWO)
(postdoctoral research fellowship: FWO13/PDO/191). Nicola D. Ridgers is
supported by an Australian Research Council Discovery Early Career Researcher
Award (DE120101173). The ENERGY-project is funded by the (CORDIS FP7) of
the European Commission, HEALTH (FP7-HEALTH-2007-B), Grant Agreement no.
223254. The content of this article reflects only the authors’ views and the Euro-
pean Community is not liable for any use that may be made of the information
contained therein.
Availability of data and materials
The dataset supporting the conclusions of this article is included within the
article (and its additional file).
Authors’ contributions
MV and WVL collected the data in Belgium. NDR was involved in data processing
and providing guidance to the specific topic of sedentary patterns together with
MC and TA. MV conducted the analyses and drafted the paper together with
WVL, GC and IDB. JB developed the concept and design of the ENERGY-project,
with EB being the coordinator of the general data collection and evaluation. All
authors were involved in critically revising the manuscript for important
intellectual content and have read and approved to the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study uses baseline data from the UP4FUN intervention study, conducted
within the ENERGY-project. Children with parental consent to participate were
asked to complete a questionnaire and to wear an accelerometer. The study is
registered in International Standard Randomized Controlled Trial Number Register
(registration number: ISRCTN34562078). The Belgian study protocol was approved
by the ethical committee of the Ghent University Hospital (B67020097212).
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Movement and Sport Sciences, Ghent University, Watersportlaan
2, 9000 Ghent, Belgium. 2Research Foundation Flanders (FWO), Egmontstraat 5,
1000 Brussel, Belgium. 3Deakin University, Geelong, Australia, Institute for Physical
Activity and Nutrition (IPAN), School of Exercise and Nutrition Sciences, Burwood,
Australia. 4Department of Public and Occupational Health and the EMGO Institute
for Health & Care Research, VU Medical Center, Amsterdam, the Netherlands.
5Department of Public Health, Sport and Nutrition, University of Agder,
Kristiansand, Norway. 6Department of Public Health, Ghent University, Ghent,
Belgium. 7Department of Epidemiology and Biostatistics and the EMGO Institute
for Health & Care Research, VU University Medical Center, Amsterdam, the
Netherlands.
Verloigne et al. BMC Pediatrics  (2017) 17:147 Page 8 of 10
Received: 6 June 2016 Accepted: 31 May 2017
References
1. de Rezende LF, Rodrigues Lopes M, Rey-López JP, Matsudo VK, Luiz OC.
Sedentary behavior and health outcomes: an overview of systematic
reviews. PLoS One. 2014;9(8):e105620.
2. Proper KI, Singh AS, van Mechelen W, Chinapaw MJ. Sedentary behaviors
and health outcomes among adults: a systematic review of prospective
studies. Am J Prev Med. 2011;40(2):174–82.
3. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and
subsequent health outcomes in adults. A systematic review of longitudinal
studies, 1996-2011. Am J Prev Med. 2011;41(2):207–15.
4. van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time and all-
cause mortality risk in 222 497 Australian adults. Arch Intern Med. 2012;
173(6):494–500.
5. Carson V, Wong SL, Winkler E, Healy GN, Colley RC, Tremblay MS. Patterns of
sedentary time and cardiometabolic risk among Canadian adults. Prev Med.
2014;65:23–7.
6. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al.
Breaking up prolonged sitting reduces postprandial glucose and insulin
responses. Diabetes Care. 2012;35(5):976–83.
7. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Breaks
in sedentary time: beneficial associations with metabolic risk. Diabetes Care.
2008;31(4):661–6.
8. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time
and cardio-metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J.
2008;32(5):590–7.
9. Chinapaw MJM, Proper KI, Brug J, van Mechelen W, Singh AS. Relationship
between young peoples' sedentary behaviour and biomedical health indicators:
a systematic review of prospective studies. Obes Rev. 2011;12:e621–32.
10. Chinapaw M, Altenburg T, Brug J. Sedentary behaviour and health in children
– evaluating the evidence. Prev Med. 2015;70:1–2.
11. Pearson N, Biddle SJ. Sedentary behavior and dietary intake in children,
adolescents, and adults. A systematic review. Am J Prev Med. 2011;41(2):
178–88.
12. Cliff DP, Hesketh KD, Vella SA, Hinkley T, Tsiros MD, Ridgers ND, et al.
Objectively measured sedentary behaviour and health and development in
children and adolescents: systematic review and meta-analysis. Obes Rev.
2016;17(4):330–44.
13. Fröberg A, Raustorp A. Objectively measured sedentary behaviour and
cardio-metabolic risk in youth: a review of evidence. Eur J Pediatr. 2014;
173(7):845–60.
14. Altenburg TM, Chinapaw MJM. Bouts and breaks in children's sedentary time:
currently used operational definitions and recommendations for future research.
Prev Med. 2015;77:1–3.
15. Chinapaw MJM, de Niet M, Verloigne M, De Bourdeaudhuij I, Brug J, Altenburg
TM. From sedentary time to sedentary patterns: accelerometer data reduction
decisions in youth. PLoS One. 2014;9(11):e111205.
16. Carson V, Janssen I. Volume, patterns and types of sedentary behavior and
cardio-metabolic health in children and adolescents: a cross-sectional study.
BMC Public Health. 2011;11:274.
17. Bailey DP, Charman SJ, Ploetz T, Savory LA, Kerr CJ. Associations between
prolonged sedentary time and breaks in sedentary time with cardiometabolic
risk in 10-14-year-old children: the HAPPY study. J Sports Sci. 2016;28:1–8.
18. Colley RC, Garriguet D, Janssen I, Wong SL, Saunders TJ, Carson V, et al. The
association between accelerometer-measured patterns of sedentary time
and health risk in children and youth: results from the Canadian health
measures survey. BMC Public Health. 2013;13:200.
19. Carson V, Stone M, Faulkner G. Patterns of sedentary behavior and weight
status among children. Pediatr Exerc Sci. 2014;26(1):95–102.
20. Saunders TJ, Tremblay MS, Mathieu M, Henderson M, O'Loughlin J, Tremblay A,
et al. Associations of sedentary behavior, sedentary bouts and breaks in
sedentary time with cardiometabolic risk in children with a family history of
obesity. PLoS One. 2013;8(11):e79143.
21. Gabel L, Ridgers ND, Della Gatta PA, Arundell L, Cerin E, Robinson S, et al.
Associations of sedentary time patterns and TV viewing time with inflammatory
and endothelial function biomarkers in children. Pediatr Obes. 2016;11(3):194–201.
22. Belcher BR, Berrigan D, Papachristopoulou A, Brady SM, Bernstein SB,
Brychta RJ, et al. Effects of interrupting children's sedentary behaviors with
activity on metabolic function: a randomized trial. J Clin Endocrinol Metab.
2015;100(10):3735–43.
23. Saunders TJ, Chaput JP, Goldfield GS, Colley RC, Kenny GP, Doucet E, et al.
Prolonged sitting and markers of cardiometabolic disease risk in children
and youth: a randomized crossover study. Metabolism. 2013;62(10):1423–8.
24. Verloigne M, Loyen A, Van Hecke L, Lakerveld J, Hendriksen I, De Bourdheaudhuij
I, et al. Variation in population levels of sedentary time in European children and
adolescents according to cross-European studies: a systematic literature review
within DEDIPAC. Int J Behav Nutr Phys Act. 2016;13:69.
25. Harrington DM, Dowd KP, Bourke AK, Donnelly AE. Cross-sectional analysis
of levels and patterns of objectively measured sedentary time in adolescent
females. Int J Behav Nutr Phys Act. 2011;8:120.
26. Australian Government, Department of Health. Australia’s Physical Activity
and Sedentary Behaviour Guidelines for Children. Available at: http://www.
health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-
phys-act-guidelines#apa512.
27. Carson V, Cliff DP, Janssen X, Okely AD. Longitudinal levels and bouts of
sedentary time among adolescent girls. BMC Pediatr. 2013;13:173.
28. Abbott RA, Straker LM, Mathiassen SE. Patterning of children's sedentary
time at and away from school. Obesity (Silver Spring). 2013;21(1):E131–3.
29. Altenburg TM, de Niet M, Verloigne M, De Bourdeaudhuij I, Androutsos O,
Manios Y, et al. Occurrence and duration of various operational definitions
of sedentary bouts and cross-sectional associations with cardiometabolic
health indicators: the ENERGY-project. Prev Med. 2015;71:101–6.
30. Brug J, te Velde SJ, Chinapaw MJM, Bere E, de Bourdeaudhuij I, Moore H,
et al. Evidence-based development of school-based and family-involved
prevention of overweight across Europe: the ENERGY-project’s design and
conceptual framework. BMC Public Health. 2010;10:276.
31. Lien N, Vik F, Berntsen S, Brug J, De Bourdeaudhuij I, Chinapaw MJM, et al.
UP4FUN: A school-based and family-involved intervention to reduce and
break up sitting time among European 10–12 year olds – systematic
development and formative evaluation. Kristiansand: Universitetet i Agder.
2014; working paper 165.
32. Robusto KM, Trost SG. Comparison of three generations of ActiGraph activity
monitors in children and adolescents. J Sports Sci. 2012;30(13):1429–35.
33. Grydeland M, Hansen BH, Ried-Larsen M, Kolle E, Anderssen SA. Comparison
of three generations of ActiGraph activity monitors under free-living conditions:
do they provide comparable assessments of overall physical activity in 9-year old
children? BMC Sports Sci Med Rehabil. 2014;6:26.
34. Cain KL, Geremia CM. Accelerometer data collection and scoring manual for
Adult & Senior Studies. San Diego: San Diego State University; 2012. Available
for download at: http://sallis.ucsd.edu/measures.html.
35. De Vries SI, Bakker I, Hopman-Rock M, Hirasinga RA, van Mechelen W. Clinimetric
review of motion sensors in children and adolescents. J Clin Epidemiol. 2006;
59(7):670–80.
36. Bailey RC, Olson J, Pepper SL, Porszasz J, Barstow TJ, Cooper DM. The level
and tempo of children’s physical activities: an observational study. Med Sci
Sports Exerc. 1995;27:1033–41.
37. Ojiambo R, Cuthill R, Budd H, Konstabel K, Casajús JA, González-Agüero A, et al.
Impact of methodological decisions on accelerometer outcome variables in
young children. Int J Obes. 2011;35:S98–S103.
38. Mattocks C, Ness A, Leary S, Tilling K, Blair SN, Shield J, et al. Use of
accelerometers in a large field-based study of children: protocols, design
issues, and effects on precision. J Phys Act Health. 2008;5(1):S98–S111.
39. Fischer C, Yildirim M, Salmon J, Chinapaw M. Comparing different
accelerometer cut-points for sedentary time in children. Pediatr Exerc Sci.
2012;24(2):220–8.
40. Ridgers ND, Salmon J, Ridley K, O’Connell E, Arundell L, Timperio A. Agreement
between activPAL and ActiGraph for assessing children’s sedentary time. Int J
Behav Nutr Phys Act. 2012;9:15.
41. Altenburg TM, Rotteveel J, Dunstan DW, Salmon J, Chinapaw MJ. The effect
of interrupting prolonged sitting time with short, hourly, moderate-intensity
cycling bouts on cardiometabolic risk factors in healthy, young adults. J Appl
Physiol. 2013;115(12):1751–6.
42. Peddie MC, Bone JL, Rehrer NJ, Skeaff CM, Gray AR, Perry TL. Breaking
prolonged sitting reduces postprandial glycemia in healthy, normal-
weight adults: a randomized crossover trial. Am J Clin Nutr. 2013;98(2):
358–66.
43. Verloigne M, Ridgers ND, Chinapaw M, et al. The UP4FUN intervention effect
on breaking UP sedentary time in 10- to 12-year-old Belgian children: the
ENERGY-project. Pediatr Exerc Sci. 2015;27(2):234–42.
Verloigne et al. BMC Pediatrics  (2017) 17:147 Page 9 of 10
44. Arundell L, Salmon J, Veitch J, O’Connell E, Hinkley T, Hume C. Standardising
the ‘after-school’ period for children’s physical activity and sedentary
behaviour. Health Promot J Austr. 2013;24(1):65–7.
45. Thorp AA, Healy GN, Winkler E, Clark BK, Gardiner PA, Owen N, et al.
Prolonged sedentary time and physical activity in workplace and non-work
contexts: a cross-sectional study of office, customer service and call centre
employees. Int J Behav Nutr Phys Act. 2012;9:128.
46. van Stralen MM, Yıldırım M, Wulp A, te Velde SJ, Verloigne M, Doessegger A,
et al. Measured sedentary time and physical activity during the school day
of European 10- to 12-year-old children: the ENERGY project. J Sci Med
Sport. 2014;17(2):201–16.
47. Steele RM, van Sluijs EM, Sharp SJ, Landsbaugh JR, Ekelund U, Griffin SJ. An
investigation of patterns of children's sedentary and vigorous physical
activity throughout the week. Int J Behav Nutr Phys Act. 2010;7:88.
48. Spittaels H, Van Cauwenberghe E, Verbestel V, De Meester F, Van Dyck D,
Verloigne M, et al. Objectively measured sedentary time and physical
activity time across the lifespan: a cross-sectional study in four age groups.
Int J Behav Nutr Phys Act. 2012;18(9):149.
49. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR,
et al. Amount of time spent in sedentary behaviors in the United States,
2003-2004. Am J Epidemiol. 2008;167(7):875–81.
50. Salmon J. Novel strategies to promote children’s physical activities and
reduce sedentary behavior. J Phys Act Health. 2010;7(3):S299–306.
51. Katzmarzyk PT. Standing and mortality in a prospective cohort of Canadian
adults. Med Sci Sports Exerc. 2014;46(5):940–6.
52. Duvivier BM, Schaper NC, Bremers MA, van Crombrugge G, Menheere PP,
Kars M, et al. Minimal intensity physical activity (standing and walking) of
longer duration improves insulin action and plasma lipids more than shorter
periods of moderate to vigorous exercise (cycling) in sedentary subjects when
energy expenditure is comparable. PLoS One. 2013;8(2):e55542.
53. Bailey DP, Locke CD. Breaking up prolonged sitting with light-intensity walking
improves postprandial glycemia, but breaking up sitting with standing does
not. J Sci Med Sport. 2015;18(3):294–8.
54. Biddle SJ, Petrolini I, Pearson N. Interventions designed to reduce sedentary
behaviours in young people: a review of reviews. Br J Sports Med. 2014;48(3):182–6.
55. Altenburg TM, Kist-van Holthe J, Chinapaw MJ. Effectiveness of intervention
strategies exclusively targeting reductions in children's sedentary time: a
systematic review of the literature. Int J Behav Nutr Phys Act. 2016;13:65.
56. Chastin SF, Granat MH. Methods for objective measure, quantification and
analysis of sedentary behaviour and inactivity. Gait Posture. 2010;31(1):82–6.
57. McVeigh JA, Winkler EA, Howie EK, Tremblay MS, Smith A, Abbott RA, et al.
Objectively measured patterns of sedentary time and physical activity in
young adults of the Raine study cohort. Int J Behav Nutr Phys Act. 2016;13:41.
58. Gomes TN, Hedeker D, dos Santos FK, Pereira S, Katzmarzyk PT, Maia JA.
Why are children different in their daily sedentariness? An approach based
on the mixed-effects location scale model. PLoS One. 2015;10(7):e0132192.
59. AGODI. Agency for educational services. Publications. Available at: http://
www.agodi.be/cijfermateriaal-leerlingenkenmerken.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Verloigne et al. BMC Pediatrics  (2017) 17:147 Page 10 of 10
